Abstract In this study, we used data from Add Health Waves II and III to compare men who had been incarcerated to those who had not, and examined whether incarceration was associated with increased numbers of sexual partners and increased odds of concurrent partnerships. We used multivariate regression and propensity-score matching to compare sexual behavior of Wave III male respondents who had been incarcerated with those who had not, and compared sexual behavior at Wave II to identify differences in sexual behavior prior to incarceration. Incarceration was associated with an increased rate of lifetime sexual partnership, but this was attenuated by substance use. Criminal justice involvement was associated with increased odds of having partners who report concurrent partnerships, but no further increase was seen with incarceration. There were no significant sexual behavior differences prior to incarceration. These results suggest that the criminal justice system and substance use may interact to shape sexual behavior.
Introduction
In 2010, the United States incarcerated 730 of every 100,000 residents, representing the highest rate of incarceration in the world, with an even larger number of residents on probation or parole [1] . Men accounted for 91 % of prisoners, and the imprisonment rate in 2009 for non-Hispanic Black males (3,119 per 100,000 U.S. residents) was more than six times higher than for non-Hispanic white males (487 per 100,000) and almost three times higher than for Hispanic males (1, 193 per 100,000) [2, 3] . As of mid-year 2009, a majority of individuals in local jails were in facilities that housed more than 1,000 inmates. These large facilities are generally in urban areas. Compared to jails with an average daily census of less than 100, where 90 % or more of inmates are released on a weekly basis, these big jails release just 52.5 % of inmates on a weekly basis, indicating a longer duration of stay in larger urban jails [4] . These data reflect the geographic concentration of incarceration, and given that growing numbers of poor nonHispanic Black men have histories of incarceration, it is critical to consider the contributions of ''mass incarceration'' or ''hyper incarceration'' to health disparities [5, 6] . Two domains likely to be affected by high rates of incarceration are the nature and structure of romantic and sexual relationships. This has potential implications for racial disparities in HIV infection if incarceration and involvement in the criminal justice system change sexual networks in ways that favor HIV transmission [7] [8] [9] .
One in five HIV-infected Black and Hispanic males passed through the correctional system in 2006, demonstrating the high co-occurrence of incarceration and HIV [10] . It is then not surprising that several studies have shown associations between state and county rates of incarceration and rates of STDs, including HIV [11, 12] . At an individual level, incarceration has not been directly linked to HIV-status. Instead, the literature demonstrates that incarceration is associated with having an increased number of partners and higher rates of unsafe sex and concurrent partnerships [13] [14] [15] [16] [17] [18] , and that incarceration of a female partner predicts riskier sexual behavior [16, 19] . The continuity of social relationships an inmate is able to maintain contributes to the relationship between incarceration and number of sexual partners [16] . Despite the preponderance of findings that incarceration is associated with sexual risk and may also influence risk to sexual partners, several gaps remain. Few studies measure both incarceration-and sex-related variables outside of high-risk settings (e.g., methadone clinics) sufficiently to control adequately for engagement in criminal activities separate from incarceration history, and only limited research has included a longitudinal component [19] . These gaps limit the generalizability of the findings, as well as the capacity to make causal statements about the effects of incarceration on sexual behavior.
In this study, we use a nationally representative sample of young men to examine associations between incarceration and patterns of sexual behavior. We include control variables for involvement in criminal behavior that have not previously been described, and we also use multiple waves of data, allowing for stronger conclusions about the temporal relationship between incarceration and sexual behavior. We first ask whether, after controlling for demographic variables, men's involvement in the criminal justice system in general and incarceration in particular are associated with increased numbers of sexual partners and increased odds of having concurrent partnerships. Second, we ask whether the differences we observed exist at an earlier point in time. To answer these questions we examine how adult male incarceration affects young adults' sexual partnering decisions using individual-level data and two different approaches to statistical control for engagement in criminal activity. We also evaluate whether young men who were later incarcerated display different partnering behaviors prior to adult incarceration.
Methods
Add Health is a school-based longitudinal study of a nationally-representative sample of adolescents who were in grades 7-12 in the United States in 1994-95 [20] . This analysis uses Wave II (n = 16,706, response rate = 88.2 %) follow-up interviews conducted in 1996, and Wave III (n = 15,170, response rate = 77.4 %) interviews conducted in 2001-2002. Further details about Add Health are available in the survey documentation [20] . Key variables for this paper included:
Number of Sexual Partners
Wave III includes data on the total number of lifetime partners as well as the number of partners in the last 12 months. In Wave II, only the total number of lifetime partners is available.
Concurrency
Respondents were asked to report the calendar month and year of first and last time they had sex within each relationship they had over the preceding 18 months, and relationships were considered ongoing between these two dates [21] . Concurrent partnerships were defined by two or more relationships that included sexual encounters in the same month. A measure of concurrency that required at least two months of overlap was also tested, and the results were not substantially different.
Partners' Concurrency
In Wave III, respondents indicated whether each of their listed partners had other partners at the same time. This was not available in Wave II.
Incarceration History/Future Incarceration
This pattern variable indicated whether the respondent was convicted in an adult court or sentenced to jail or prison as a result of any arrests after the age of 18. For the analysis of Wave II this same measure is used as an indicator of future incarceration. A measure of arrest, rather than conviction, was also tested, but it proved to be a less robust predictor of sexual behavior. Respondents with a history of conviction in an adult court were used as the reference group.
Father's Incarceration A dichotomous variable indicated whether the respondent's biological father had ever been incarcerated. Examining the effect of father's incarceration may take into account the potential effects of high rates of neighborhood incarceration on sexual behavior, though it is only a weak proxy measure of community rates of incarceration and also includes the direct impact of parental incarceration.
Delinquency
In Wave II, a delinquency scale was created by tallying how many different behaviors in which each respondent had engaged, and then dividing respondents into quintiles of delinquent behaviors.
Demographic Variables
The demographic indicators of age, race, Hispanic ethnicity, and years of education completed were included in the analyses. Preliminary analyses included sex as a demographic variable, but most of the previously incarcerated individuals in our data set are men. This is consistent with incarceration patterns in the USA, and the analysis was subsequently limited to men. We avoided including women in the comparison group because they were far less likely to be incarcerated than men [2] .
Drug use Variables
Indicators of any marijuana and any non-marijuana, nonalcohol drug use since 1995 and in the past year were used to capture lifetime and recent drug use. The measure of non-alcohol, non-marijuana drug use included cocaine, methamphetamines, any injection drug use, prescription drug misuse, and any other reported drug use. Alcohol use was represented by a three category variable indicating the frequency of being drunk in the past year, with subjects responding that they were never drunk, were drunk once a month or less, or were drunk more than monthly; there is not a similar measure for lifetime alcohol abuse. For analyses of lifetime sexual behavior measures, drug use since 1995 was used, and for those of more recent sexual behavior measures, drug use in the past year was used.
Analysis
To test whether incarceration was associated with greater involvement in sexual risk behavior among men, we used regression models and propensity score matching models, each using the Wave III measure of incarceration to predict Wave III measures of sexual risk behaviors. We then constructed another regression model using the Wave III measure of incarceration to predict Wave II (pre-incarceration) measures of sexual risk behaviors to determine whether any observed associations might already have existed prior to incarceration.
Multivariable Analysis
Measures of sexual behavior were the dependent variables: numbers of sexual partners were modeled using negative binomial regression, and the proportion reporting concurrent relationships were modeled using logistic regression. The multivariable analysis was conducted by adding one set of variables at a time and examining the fit of the model and the individual significance tests.
Statistical analyses were conducted using Stata/SE 11.0 and adjusted for the sample design as recommended in the data set using the stratum and cluster codes [22] . The Wave III post-stratification grand sample cross-sectional weight was used for the analysis, which adjusted for non-response and post-stratification by age, race, and sex. Propensity Score-Based Analysis A propensity score for incarceration was constructed for respondents of both sexes using: sex, race, age, education level, income, arrest history, and reports of delinquent behaviors in the past 12 months (deliberately damaging property belonging to someone else, stealing something worth more than $50, selling marijuana or other drugs, carrying a handgun at school or work, and belonging to a named gang). Individuals were matched based on the likelihood of incarceration using stratification and nearest neighbor matching methods. Within levels of likelihood, those individuals who had been incarcerated were compared to those who had not. The propensity score analyses included both male and female respondents, as the matching process ensured that comparisons were only made between individuals with similar likelihoods of incarceration. The propensity score was also used as a continuous summary control measure of the likelihood of incarceration in regression analyses.
Wave II Analysis
The pre-incarceration analysis of sexual behavior used a single measure of number of partners (lifetime partners) and of concurrency (calculated based on reported dates of sexual relationships), as further measures were not available.
Results

Wave III Analysis
Descriptive Statistics
Wave III descriptive statistics for the full sample and the subsets of male respondents, respondents with a history of conviction in an adult court, and those with a history of incarceration are shown in Table 1 . The subset of male respondents who have been convicted in an adult court has a higher proportion of Native Americans, and slightly more Black respondents and Hispanic respondents compared to the full male subset. Previously convicted respondents are the same age as other respondents, though they have completed fewer years of formal schooling and more of them are in the highest quintiles of income. Those respondents who have been incarcerated are overrepresented in minority racial and ethnic categories, as well as in the bottom quintiles of income with 34 % earning less than $2,000 in the year that data were collected. Respondents who have been incarcerated have on average achieved 11.3 years of education, compared to the average of nearly 13 years completed by the population as a whole. Use of alcohol, marijuana, and other drugs is more common in the subsets of men who have been convicted or incarcerated in the past, with a majority of those individuals having ever used marijuana or other drugs.
Bivariate Relationships (data not shown)
The significant predictors of having larger numbers of lifetime partners were Black race, having been stopped by police, arrest as an adult, conviction in an adult court, incarceration, the biological father serving time, being drunk more than monthly in the past year, marijuana use since 1995, other drug use since 1995, being in the highest two quintiles of income, and older age. Only Asian race and increases in education were associated with fewer numbers of partners.
There were few significant relationships between the number of partners in the past 12 months and demographic or criminal justice variables. Predictors of increased numbers of partners in the past 12 months were Black race, being in the highest two quintiles of income, and having been stopped by the police, arrested as an adult, or convicted in an adult court, being drunk more than monthly in the past year, marijuana use in the past year, and other drug use in the past year. Only education predicted slight decreases in numbers of partners per additional year of education.
Black race, experiencing a police stop or conviction in an adult court, being drunk more than monthly in the past year, marijuana use in the past year, and other drug use in the past year all significantly predicted increased odds of engaging in concurrent partnerships. The following variables all increased the odds of reporting having had a partner with concurrent partners: experiencing a police stop, adult arrest, conviction in an adult court, incarceration, the biological father serving time, being drunk more than monthly in the past year, marijuana use in the past year, and other drug use in the past year. Hispanic ethnicity decreased the odds of reporting a partner with concurrent partners.
Multivariate Relationships
After adjusting for demographic variables and biological father's incarceration, individuals who had been incarcerated had 58 % more partners over their lifetime than those who had a history of conviction in an adult court but no incarceration history. Individuals without a conviction or incarceration history had significantly lower rates of partnership than individuals in either of those groups. The addition of drug and alcohol use variables caused the p value for this association to rise above the level for statistical significance, although the results continued to trend in the same direction. Significant demographic predictors of higher rates of lifetime partnership in this subset include Black race, age, and being in either of the top two quintiles of income. Years of education completed and Asian race predict lower rates of lifetime partnership. These results are shown in Table 2 .
A history of conviction in an adult court predicted an adjusted 43 % increase in the number of partners in the past 12 months (data not shown). Although there was a significant bivariate relationship between incarceration and the number of partners in the past 12 months, this association was completely attenuated by controlling for demographic variables (data not shown).
Using the direct measure of concurrency, calculated using reported sexual relationship dates, conviction in an adult court was associated with 1.93 times higher odds of having concurrent partnerships, but incarceration specifically was not significantly associated with concurrency (data not shown). Black race, being drunk more than monthly in the past year, and marijuana use in the past year were the only additional significant predictors of concurrency. Incarceration of the biological father decreased the odds of concurrency by 33 %.
Male respondents who had been convicted in an adult court had significantly higher odds of reporting partners with concurrent partners compared to men without criminal justice involvement, even when controlling for demographic variables, as shown in Table 3 . This relationship was attenuated with the addition of substance use variables into the model. Although incarceration was associated with 1.9 times the odds of reporting partners who had other concurrent partnerships compared with previously convicted respondents, this increase was not statistically significant. Experiencing the incarceration of the biological father was also associated with increased odds of having partners with concurrent partners.
Propensity Score Analysis
When matching individuals by their propensity for incarceration, individuals who had been incarcerated had 4.34 (stratified analysis) to 4.76 (nearest neighbor score matching) more partners over the lifetime compared to individuals who had never been incarcerated, and there was no difference in the number of partners in the past year. Estimates of the differences between ever incarcerated and never incarcerated respondents in terms of the proportion with concurrent partners were -4.5 and -8.5 % by stratified and nearest neighbor matching methods respectively, suggesting that ever incarcerated individuals actually had fewer concurrent partnerships. Between 5.8 and 12.7 % (estimated by nearest neighbor and stratified methods respectively) more previously incarcerated individuals reported partners with concurrent partners. When used as a single control variable in regression analyses of the effect of incarceration on sexual behavior variables, having been incarcerated still significantly predicted an increased rate of partnership over the lifetime (OR = 1.90, p = 0.00) as well as increased odds of reporting partners with concurrent partners (OR = 2.03, p = 0.05). Within the convicted subset, when controlling for the propensity for incarceration, incarceration predicted an increased rate of partnership over the lifetime (IRR = 1.45), though the effect was just above the cutoff for significance (p = 0.07).
Wave II Analysis
Descriptive statistics for the respondents at Wave II are shown in Table 4 . The basic demographic composition of the sample was the same at both time points. At Wave II, respondents were on average 16 years old and were finishing the 9th grade. All but the top 21 % of male respondents made less than $6,000 in the year of the survey. The convicted subset was similar, but with approximately 30 % of the subset falling into the highest quintile of yearly income. More than half of the male subset had committed either zero or one delinquent behavior in the past 12 months (none: 32 %, one: 20 %), with less than one percent of the subset in each of the categories above eight (out of 14 behaviors). For the convicted subset, a larger proportion of respondents had been involved in more different delinquent behaviors, and the average number of delinquency events in this group was higher (7.6 versus 4.2). At Wave II, only 40 % of the male subset had ever been sexually active, with just under 4 % having concurrent partners. A substantially larger proportion of the convicted subset reported having been sexually active (70 %), and nearly 7 % had concurrent partners.
Unadjusted differences in the mean number of lifetime partners and rates of concurrency at Wave II between individuals who would or would not be incarcerated in future were generally not significant.
As shown in Table 5 , multivariate models showed that future incarceration was not a significant predictor of the total number of sexual partners at Wave II. The only significant predictors of increased numbers of partners at this time point were incarceration of the biological father and having engaged in a higher average number of delinquent activities. Some income categories also showed higher numbers of partners, but the pattern was not consistent. Although being in the group that would be convicted in an adult court (but not incarcerated) was associated with higher odds of reporting concurrent partners at this time point compared to individuals with no involvement in the criminal justice system, incarceration did not predict additional higher odds. The number of delinquent behaviors reported in the past 12 months was the only other significant predictor of increased odds of concurrency. Decreased odds of concurrency were associated with Asian race and being in the lower two quintiles of income.
Discussion
In this study, we compared men who had been incarcerated to those who had not, and we examined whether being incarcerated was associated with increased numbers of sexual partners and increased odds of having concurrent partnerships. We found a significant relationship between involvement in the criminal justice system and patterns of sexual behavior, and this relationship was complicated by drug and alcohol use. Although the propensity score analysis was suggestive of a significant increase in numbers of lifetime partnership and the number of partners who report concurrent partnerships, the significant relationships in the multivariate analyses were attenuated by the inclusion of substance use variables. This raises additional questions about the relationship between involvement in the criminal justice system and drug and alcohol use, and the mechanisms that mediate these relationships. In the broader context of involvement in the criminal justice system, incarceration may contribute to increased rates of partnership dissolution. Involvement in the criminal justice system that does not result in incarceration does not result in the same physical and institutional barriers to and may not produce the same level of perceived need to ''make up for lost time'' by having multiple sexual partners after release, as some qualitative work has suggested with regard to incarceration, but may influence sexual behavior in other ways [23] . It was particularly notable that those who had been convicted previously but not incarcerated also had higher numbers of partners than those without any previous involvement in the criminal justice system. This, along with the results using other sexual behavior outcomes, implies that the effects of incarceration indentified in this analysis may represent only the furthest end of a continuum of criminal justice involvement. These findings suggest that in addition to the effects of the physical removal and return of an incarcerated individual, factors such as stigma, constructions of masculinity and femininity, and individual preferences may vary across the range of experiences with the criminal justice system, not just with incarceration. In our study, incarceration also was associated with a substantial increase in the odds of reporting a partner with other partners, but this was not significant above and beyond the effect of conviction in an adult court, which also increased the odds of reporting a partner with other partners. This may reflect that the social milieu resulting from involvement in any level of criminal activity has a greater impact on the patterns of relationships than the specific experience of incarceration. This measure of a partner's concurrency should be interpreted only cautiously, however, because it may be prone to an underreporting bias due to social desirability as well as the possibility that respondents were unaware of their partners' other concurrent partnerships [24, 25] .
These results are consistent with prior work suggesting that men who had been incarcerated have higher numbers of partners, although our more detailed data on different degrees of criminal justice involvement are suggestive of a spectrum of experiences rather than an absolute increase in risk with incarceration [14] [15] [16] . The finding that the number of partners in the past year is unaffected by incarceration while the number of lifetime partners is increased suggests that a longer-term mechanism may be at work here, but further work is needed to examine potential underlying mechanisms.
Incarceration was not associated with having concurrent partners in this analysis, and the propensity score analysis even suggested that men who had been incarcerated actually had fewer concurrent partnerships, which conflicts with earlier work [17] . One possible explanation is that Add Health represents a relatively young population with overall high rates of concurrency compared to older, nationally representative samples [17] . Adimora and colleagues also find that for men incarcerated more than a year Values in bold are statistically significant ago, the odds ratio for having concurrent partners drops from 2.1 (for men incarcerated in the past 12 months) to 1.08 [17] , suggesting that the effect of incarceration on concurrency lasts only 12 months; our data set may not have sufficient power to detect this brief difference. In our analysis, having a father who had been incarcerated decreased the odds of having concurrent partners, but increased the odds of having partners with concurrent partners. If this measure can truly be interpreted as indicating an effect of high community rates of incarceration, it may suggest that in terms of concurrent partnerships, high rates of incarceration differentially affect the behaviors of their partners rather than those of incarcerated men themselves.
Our results also are consistent with previous work documenting that the effects of involvement in the criminal Table 5 Multivariate models of number of lifetime partners and concurrency at Wave II Number of lifetime partners (n = 650) Any Concurrent Partnerships (n = 2,556) justice system and of substance use on sexual decisionmaking are closely intertwined [14, 15, 18, 19] . Based on the available data, it is difficult to definitively determine whether our results demonstrate that substance use is a confounder or a mediator between criminal justice involvement and sexual decision-making. If individuals who use alcohol and other drugs are more likely to be involved in the criminal justice system, and to have more partners, both as a result of substance use, then substance use may represent a confounder. Alternately, if the substance use decisions of individuals who have been involved with the criminal justice system are affected by those experiences with the criminal justice system, then substance use mediates the relationship between criminal justice involvement and sexual decision-making. Further research may be necessary to better understand the relationship between substance use, involvement in the criminal justice system, and sexual decision-making. Individuals who would later be incarcerated did not differ significantly from those who would not be incarcerated in terms of number of sexual partners and rate of concurrency. This suggests that these groups of menthose who would never encounter the criminal justice system, those who would later be convicted in an adult court but would not be incarcerated, and those who would eventually experience incarceration-were initially similar with respect to sexual behavior, but that involvement in the criminal justice system and incarceration altered the trajectory of sexual behavior that might otherwise be observed. This is a particularly important finding because it suggests that it is the range of experiences with the criminal justice system, up to and including incarceration, that may increase men's sexual risk.
This study addresses several important gaps in the literature. We use more appropriate comparison groups and more extensively control for criminal justice involvement than has been possible in previous studies. As a result, the current findings are more likely to demonstrate the true effects of involvement in the criminal justice system, including incarceration, on future sexual risk and behavior. The opportunity to track individuals through time to demonstrate that effects of incarceration are not exclusively the result of earlier experiences provides an additional opportunity to check for confounding relationships.
This study is not without weaknesses. Even in this large, nationally representative data set there are relatively few individuals who have been incarcerated. Limiting the analysis to the most relevant comparison group within this sample means that the power of the data set is decreased significantly. In order to improve our understanding of the unintended consequences of incarceration, future national data collection projects should consider enriching their samples with both individuals who are currently incarcerated and individuals who have previously been in jail or prison. In addition, in order to better understand how the full range of experiences with the criminal justice system shapes patterns of sexual behavior, data about duration of incarceration would be useful; this data set does not include this level of detail.
That the sample began as a school-based sample also raises conceptual questions and offers additional directions for future studies. While the study started before participants could legally stop attending school, those who have dropped out of school over time are likely under-represented in the initial waves of the survey and later waves. Some of the most vulnerable youth may, therefore, be underrepresented. More representative data may show even greater consequences of incarceration, which is strong motivation for future research to include data collection around issues of incarceration. Given the growing proportion of the US population with a history of incarceration, further studies in this area are definitely needed.
